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have the best students in section A, and the poorest in C. This sectioning was also recorded in the experiment, thus affording a rough intelligence classification, which for group comparisons might be reliable.
The experiment was conducted during school hours with the most hearty co6peration of both teachers and pupils.
RESULTS
An analysis of the data obtained will now be presented. The problems on which data are available are as follows: (1) a comparison of the time required for the color naming and word reading functions, with Ss classified both by school grade and chronological age; (2) the correlation between these functions; (3) the relationship between each function and the difference between them; (4) the relationship between each function and intelligence; (5) the frequency of errors and the relationship between the two functions for erring; and (6) sex differences in the two functions.
(1) Time required by the two functions. In Tables I and II are the general results of the investigation. From them we may compare the temporal relations of the two functions. Table I shows a comparison of all Ss, classified by school grades for the two functions. Attention is called to the very large number of cases, since this increases the reliability of the averages computed from them.
The average will be used as a measure of central tendency throughout the paper. The median is shown in this first table to show the very small difference between the average and the median. This justifies the exclusive use of the average as a measure of central tendency.
In Fig. i 
FIG. I. COLOR NAMING COMPARED WITH WORD READING
It will be observed that in both functions there is a progressive increase in speed throughout the range tested. The improvement in the first few grades is much greater proportionately than in the last grades. This resembles most learning curves and immediately suggests that both functions contain some factor which is practiced in the normal education of the subjects.
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The most striking feature of these data, however, is the approximate constancy of the difference between the two functions. The curves of the two functions are almost parallel. The curve of the difference is nearly a straight line, showing almost no decrease from the Ist to 9th grades. This difference between the two functions is the phenomenon which we are studying, and this feature of it will be of the utmost importance in its interpretation.
The probable error of the difference is so small as compared to the difference itself, that there can be no question of its reliability. It will be seen that it is always much more than four times its P.E. Table II shows the same data, with the Ss classified by chronological age. The range of ages included is from 6 to 16 years. There were 3 Ss 17 yr. of age and I who was 18. These were omitted in this table, both because of the unreliability of so small a group and because of the obvious selected nature of these samples, due to the fact that these Ss are obviously much retarded in their school progress and are therefore not representative of their age. The opposite may be true of the 6-yr. old Ss also, but since there is a larger group of them, they have been included.
There is very little difference between the data when classified in the two ways. In Table II the differences are slightly more variable. But it will be observed that there is no consistent tendency for the difference to become smaller as the subject grows older. Some of the inconsistency can be explained by the presence of a larger number of boys or girls in the age group. There are sex differences, especially in the case of color naming.
The general results, then, show that older and more advanced Ss perform both functions faster than the younger ones, but that the superiority of the speed of word reading over color naming is approximately constant despite age or school advancement.
(2) Correlation between functions. It has been suggested that the color naming function is the same process as the word reading, plus another process. Ss, introspecting, often insist that this is true. If it is true, however, word reading would never be slower than color naming. There were a number of Ss in this experiment who did read the colors faster than the words. Also, if the hypothesis be valid, there should be a very high correlation between relative ability on the two tests. Even if the additional process does not correlate highly with the common factor, the correlation should in groups be high and fairly constant. Table III shows the coefficients obtained between the two functions in the several grades. While, in most cases, the relationship indicated by these coefficients is high enough to be reliable, it seems neither high enough, nor constant enough, to substantiate the foregoing hypothesis.3 3During the experiment, 17 Ss succeeded in naming the colors faster than they read the words. Of these, 5 were in grade I, 5 in grade II, 3 in III, and I each in grades IV, VI, VIII, and IX. Such scores might be due either to unusually fast color naming or unusually slow word reading. An analysis of the scores seems to indicate that both conditions were present. Of the I7 Ss, I2 made color naming scores that excelled the average of their respective grades, and 5 made scores poorer than these averages. For the entire I7, the average deviation from the mean of their grades was -12.1 sec. On the other hand, all but one S read words slower than the average of their groups. The average deviation from the mean of their grades was +44.6. Of the 17 Ss, 5 excelled their groups in color naming by larger amounts than they proved inferior in word reading; the other 12 reversed this condition. These results indicate that both factors then combined to produce these unusual scores, but that inferiority in word reading was the more important of the two.
io8
LIGON
The correlation between the functions is always positive and usually fairly high, showing that the two functions are certainly not entirely independent. Yet, the variability of the coefficient and the low level to which it drops, also, indicates that there are some factors at least in which the two functions vary independently.
(3) Relationship of functions to differences. Since the difference between the functions forms the central problem of this study, correlations were computed between it and each of the functions. The difference was computed by subtracting time for word reading from time for color naming. Those cases in which the word reading was the larger number were treated as negative differences. Table   IV shows these results. Let us examine this table carefully, for in it there are many clues leading to the solution of our central problem; namely, the explanation of the difference between the two functions.
If the two functions were entirely independent, color naming being simply a longer process than word reading, certain results could be expected. In the first place, color naming would correlate positively with the difference, since (except for the chance variation in word reading time) the greater the time required for color naming, the greater would be the difference. In the same way, in the second place, word reading should correlate negatively with the difference, since (except for chance variation in color naming time) the longer the time required for word reading, the smaller would be the difference. In each case, the smaller the relative variability of the other, the higher the correlation. All of these conditions are fulfilled in the above data. Color naming correlates positively with the difference. The higher the ratio between the standard deviations of the two functions, the higher the correlation. The rank square difference coefficient between this ratio and the size of the correlation is o.9o. Word reading correlates negatively With the difference, and the corresponding rank square difference score is = 0.55..
There is, however, one further condition which should be fulfilled if the two functions are entirely independent; namely, there ought to be no relationship between them. There is, however, a fairly high relationship between them-it averages 0.450 (see Table III ).
This would indicate a definite relationship between them. The two functions are not independent. If the assumption is made that they are very highly related, so that excellence in one signifies excellence in the other and vice versa, there ought to be much higher coefficients between the two functions than are found, and word reading ought to correlate positively with the difference; for in this case, the worse the score for word reading, the worse ought color naming time to be proportionately and the wider the difference between them. This condition is not found. This hypothesis cannot be maintained.
It is obvious then that the two functions cannot be regarded as simple entities, since they are both related and unrelated to each other. As will be pointed out in the conclusion, this practically eliminates the 'practice hypothesis.' Let us consider other possibilities.
4It will be observed that the ratio between the a is computed by dividing the a for color naming by that of word reading. Hence the greater the ratio, the relatively greater is the o of color naming to that of word reading.
Suppose the color naming function is made up of two factors, in one of which it is entirely independent of the word reading function and in one of which it is identical. The latter may be referred to as the common factor and the former as the color naming special factor. The difference would then be a part of this color naming special factor. This would account for the high correlation between the color naming function and the difference and, since there is a common factor, between color naming and word reading.
But, why the negative relationship between word reading and the difference? If the common factor and color naming special factor were entirely independent, there ought to be a zero relationship between them. The only answer is that word reading is not entirely constituted of the common factor, but also has a special factor, which though very much smaller and less variable than the color naming special factor, influences the difference, and hence correlates negatively with it.
The common factor, then, causes the two functions to correlate with each other. The special factors cause this relationship to be low. It is easy to see that the common factor constitutes most of the word reading function, since the effect of the word reading special factor has so little influence upon the difference, as indicated by the correlation between word reading and the difference.
It is in the suggesting of this word reading special factor that I have entirely departed from previous hypotheses. It not only permits an explanation of the data just discussed, but it allows for those cases in which a longer time was required for word reading than for color naming.
That the two special factors are entirely independent is indicated, not only by the low correlation between the functions, but by the fact that the more each varies, the higher its correlation with the difference. Obviously, since the common factor would vary equally in the two functions, any difference in the variability of the two must be attributed to the special factors. The ratio between the aof the two functions, then, is a statement of the variability of the color naming special factor as compared to the word reading special factor. If they are independent, the higher this ratio, the greater the relative variability of the color naming special factor and the higher will color naming correlate with the difference and the lower will word reading do so. The rank square difference coefficient between this ratio and the r of color naming with difference is o.go; between this ratio and the r of word reading with difference is -0.55.
The question also arises, as to whether the common factor is very variable or not. Any difference in variability between the two functions must be attributed to the color naming special factor. But of the variability of the entire word reading function, is it all in the common factor, in the special factor, or in both?
If all the variability were in the special factors, since they vary independently of each other, the larger this variability the smaller would be the correlation between the two functions. In this case the rank square difference coefficient between the size of the standard deviations and the r between the functions would be negative. In the case of color naming it is 0.439 and for word reading 0.470. This indicates that the greater the variability of the functions the greater the relationship between them. Hence a greater part of the variability must be in the common factor, a very little in the word reading special factor, and the same amount plus the difference in variability in the color naming special factor.
Since, according to this hypothesis, the common factor determines the relationship between the functions, it follows that the higher the correlation between them, the greater the influence of the common factor and the less the influence of the special factors. This would be indicated in their relationship to the difference. Hence the higher the correlation between the two functions, the lower ought to be the correlation between the functions and the difference. The rank square difference coefficients which express this are in the case of color naming -0.37 and for word reading -0.33.
It also follows, that since there is improvement in both functions with age, but with a constant difference, that it is the common factor which improves, whereas the special factors do so very little. This would indicate that the special are organic in their nature, whereas the common factor is a learned reaction.
(4) Intelligence. It will be valuable for the understanding of the problem, to find out whether either or both functions are related to intelligence. Three measures were secured in this experiment which might be expected to be measures of intelligence. In 2 grades, class marks for the year were obtained. The same tendency appears, however. While there is some tendency in color naming for section A to excel section B, and B to excel C, I 13 it is by no means a marked tendency and has several exceptions. In word reading the tendency is much more pronounced. There is no definite trend in the comparison of differences at all. From these data, the conclusions seem tenable that the common factor is related to intelligence, and that neither of the special factors are appreciably so related. This is indicated by the closer relationship between measures of intelligence with word reading, in which the common factor predominates, than with color naming, where the common factor is a much smaller portion. That the color naming special factor is very little related to intelligence is indicated by the complete absence of significant differences in the case of the different scores. The word reading special factor is likely to be the cause of the relatively low correlation between intelligence and word reading.
(5) Errors. A record was kept of the number of errors made by the Ss taking the tests. An analysis of these records shows some interesting features, which will be valuable in the explanation of the phenomenon. Table VII shows that the percentage of Ss making errors is larger in color naming than in word reading. It shows that there is comparatively little improvement in the percentage making errors in either function through the nine grades studied. The average number of errors made by those who made errors is very strikingly constant for all grades in color naming. It is more variable for word reading, though showing little signs of improvement. In most cases, the average error for the erring is greater in color naming than in word reading.
For the group, the average error for color naming is always much greater than for word reading, due to the high percentage of Ss who make errors in color naming.
Since the common factor has been shown to improve throughout the 9 grades, and since there is almost no sign of improvement in eliminating errors, we are almost forced to assume that the errors are found largely in the special factors. The rank square difference correlation between the averages of the errors for those erring in the two functions is 0.30, which is surprisingly small, indicating a very low relationship between the two functions in the matter of erring. (6) Sex differences. Previous investigators have found girls superior to boys in these functions. No extensive set of data has, however, been available for studying these differences. Table IX indicates that there are very much greater sex differences in color naming than in word reading. The girls excelled the boys in color naming in every grade, with statistically reliable superiority in 7 of the 9 grades. In word reading, on the other hand, there were 3 grades in which the boys excelled, and in only one did the girls have a reliable difference in their favor.
The logical deduction from this would be that girls are superior to the boys in respect to the color naming special factor, not in the common factor, with the word reading special factor in doubt. In a comparison of the differences, which constitute the major portion of the color naming special factor, we find the girls with a decided advantage except in the first two grades. There is evidence that the greater the influence of the color naming special factor, the greater the superiority of girls; and the greater the influence of the word reading special factor, the greater the superiority of boys. Table X shows that the girls excel in both functions in the percentage of the availing errors. This is especially true in respect to color naming. In regard to the average errors made by those making errors, the boys excelled in the first 5 grades and the girls in the last 4, in color naming. The differences in word reading were variable and negligible. The average errors for the groups give the girls an advantage, especially in color naming. This shows that it is in the number of those making errors rather than in errors made in which the girls excel. We may conclude, then, that girls show a reliable superiority to boys in the color naming special factor. This advantage seems to lie, not in a general superiority of all girls over all boys, but in the greater percentage of girls who make a minimum of errors. The superiority of boys over girls in the first 5 grades in average error made by the erring and the reverse in the last 4, might seem to be an interesting phenomenon in need of interpretation. The differences, however, are not great at any time. Carelessness may be found more in girls and older boys. This may account for the fact.
It was observed that girls tended to be more advanced in school for their ages than did boys. This made it desirable to study these sex differences by ages as well as by grades. It might be possible that the superiority of girls over boys is entirely due to their age. Or on the other hand, if given equal age, the boys may not be inferior to the girls in color naming. Table XI shows the differences when computed on the basis of age, and its reliability. Table IX , the general trends are found. The girls excel still more in color naming. The girls show a little more advantage in word reading than in the other classification. This would indicate that the color naming special factor is a product of age and organic, since when girls are given an equal advantage in age, their superiority is greater. On the other hand, the common factor seems to be in part at least subject to the influence of training, since girls show to better advantage when classified by age, where they have the advantage in school advancement.
A study of sex differences, then, shows the girls to be superior in the color naming special factor, regardless of classification. The common factor seems to be subject to school advancement, as is indicated when the subjects are classified both by grades and by ages.
Discussion. The first hypothesis intended to explain the phenomenon was suggested by Cattell.6 He states the so-called 'practice hypothesis.' "The association between the color word and its name has been repeated so often that it has become automatic, whereas in the case of colors a voluntary effort is required."6 When the data were secured from adult Ss only, this hypothesis was difficult to refute. The only effort was made by Brown who had his Ss practice for long periods of time.' On the basis of his results, he decided against the practice hypothesis, although as Lund points out, his data can be interpreted in either way. It should be noted, however, that after the 8-yr. old level, his differences are almost constant, showing no gradual increase as would be expected on the basis of his hypothesis.
The 'practice hypothesis' assumes the independence of the two functions. The correlations found between them at the various grade levels averaged 0.450. These two facts seem to me to be quite complete proof that the 'practice hypothesis' is not tenable.
There is no doubt that both functions can be improved by practice. But it is the common factor which is practiced and not the special factors. The practice hypothesis cannot explain the difference between the functions.
Brown considered the possibility of the color naming function including the word reading function plus another factor. and found that this was untenable.1' The data of my experiment also indicate that such an hypothesis cannot be supported. The fact that some Ss read colors faster than words is one such bit of evidence.
Hollingworth suggests that there is a time required for articulation, plus, in the case of color naming, an association time." This is an hypothesis, which like the preceding one, is refuted with the same facts. In discussing articulation he speaks of the mispronunciation of the words in color naming, such as "bleen," "rellow," and the like. But he uses the word reading test as an articulation test, in which no such errors occur. He seems to neglect the necessity of an association time in the word reading test, and assumes that the association time for color naming is sufficient explanation of the difference. This is refuted by the constancy of the difference. If association were the only difference, time and practice should narrow this difference. Such is not the case.
In the study made by Gates, it is significant to note that the test showing the highest relationship with color naming was tapping, a much more structural function than the other tests used, adding, word building and multiplying tests."2 This adds evidence to my contention that the color naming special factor is structural.
Garrett and Lemmon apparently abandon the 'practice hypothesis' entirely.'3 They assert that the difference is due to an interl0Op. cit., 45 .ff ference factor. This factor is based on the introspective evidence of their Ss. They measure it by obtaining a ratio between the color naming test and a color finding test. The latter consists of asking the S to pick out all the squares of the same color at once. They assert that the Ss can recognize the colors fast enough, as is shown by their speed in color finding, but are prevented by the interference factor, from naming them. The question that arises is, why does this interference factor not operate in the word reading test? This they do not consider. If S can recognize the color as fast as the word, why can he not pronounce it as fast? To be sure, there is an interference factor, but it is in the color naming test and has nothing to do with the articulation process in pronunciation.
Since none of these hypotheses are supported by the data of this investigation, it seems desirable that a new hypothesis be formulated, which will explain these data. Such an hypothesis can only be tentative, awaiting further experimentation for its testing. Three experiments are now under way in the Union Laboratory, which will have very direct bearing upon this problem when they are completed.
As I have already indicated, the three-factor hypothesis seems tenable in view of these data. The question that now arises is what are these factors? What is the common factor? What are each of the two special factors? Before answering, even tentatively, it must be stated that the common factor may be and probably is a group of factors, which are common to both functions. The same may be said of the special factors.
Perhaps an analysis of each function may help. In color naming, the S must recognize the color, must recall its name, and must articulate its name. In word reading, the S must recognize the word, must recall its pronunciation, and must articulate it. I recognize that this analysis is entirely logical and may not be an actual description of the psychological process at all.
In looking for the common factor, there seems little doubt that the articulation time for both is common. Whether this is sufficiently influenced by practice to explain the preceding data is doubtful. The recognition process may be so similar that it will be common except for the difference in reaction time to the colors as contrasted with the words. A reaction time experiment, which is now being done, may give evidence that will help answer this question.
(7) The low relationship between tendency to err in the two functions added evidence of the independence of the special factors.
(8) Girls excelled the boys consistently in color naming. No great differences were found in word reading.
While previously suggested hypotheses for the ability to read the words faster than the colors have been shown untenable in the light of the data of this study, no new hypothesis beyond the three-factor theory could be offered. Unquestionably recognition, mental translation of the stimulus into the response, and articulation are factors likely to be found among the three factors.
